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0 Process for the production of secondary amine terminated polyethers and their use. 

® Secondary amine terminated polyethers are produced by the reaction of primary amine terminated 
polyethers with a carbonyl compound In the presence of hydrogen and a catalyst composition comprising (i) 
nickel (ii) ruthenium and (iii) at least one other second or third row transition metal. 

High yields of secondary amine products are obtained suitable for polyurethane manufacture. 
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PROCESS FOR THE PRODUCTION OF SECONDARY AMINE TERMINATED POLYETHERS AND THEIR USE 

The present Invention relates to a process for the production of. a secondary amine terminated 
polyether and the use of amines so-produced in the formation of polyurea elastomers. 

Both primary and secondary amine tenminated polyethers are useful In the manufacture of 
polyurethanes by reaction with Isocyanates. The generally rapid cure rate of primary amine terminated 

5 polyethers is valuable in many applications but for certain applications the relatively slower cure rate of the 
secondary amine terminated polyethers is desirable. The contamination of the secondary amine terminated 
polyethers with as little as 5 to 10% by weight of the primary amine terminated poiyether can be sufficient 
to increase the cure rate beyond that which is desirable for certain applications. Difficulties have been 
experienced in producing the secondary amine terminated polyethers substantially free from primary and 

10 tertiary amine terminated polyethers. The latter materials do not react with isocyanates and therefore act as 
inert diluents in the secondary amine terminated polyethers. They can, however, catalyse the reaction of 
unconverted hydroxyl terminated polyether with isocyanates and hence variance in the level of tertiary 
amine groups could cause reactivity changes, especially with partially converted material. 

In our experience the production of secondary amine terminated polyethers in high selectivlties by the 

75 high pressure reductive amination of polyether polyols with alkyi amines is not feasible because there is a 
significant degree of self condensation of the aliphatic amine. This liberates ammonia which can itself react 
with the polyol giving a mixed product. This problem is to some extent overcome In our European patent 
application number 89307925.1 (BP Case 6993) which was published after the priority date of the present 
application as European patent application publication number 0356046 and which describes systems 

20 operating at atmospheric pressure with recirculation and separation of volatile components to give secon- 
dary amine terminated polyethers at selectivities apparently greater than 90%. However, the atmospheric 
pressure process, although offering improved selectivity over high pressure processes, suffers from high 
gas circulation rates and low productivity. Moreover secondary alkylamines can be formed and. although 
these are removeable in the separation stage, they represent a potentially significant problem both 

26 environmentally and economically. 

We have now found that secondary amine terminated polyethers can be selectively produced from a 
primary amine terminated polyether by reaction with a stoichiometric excess of a carbonyl compound and 
hydrogenation. Although reaction of a simple low molecular weight hydroxyl-containing compound with a 
carbonyl compound to form an imine, followed by hydrogenation of the imine to form a secondary amine Is 

30 known, it is in our view surprising that the reaction can be extended to high molecular weight materials, the 
more so because J. March in Advanced Organic Chemistry : Reactions. Mechanisms and Structure, 2nd 
Ed., McGraw-Hill. 1977, at page 820, would appear to teach that high selectivlties to the secondary amine 
can only be achieved using an excess of the primary amine. This is contrary to our experience using high 
molecular weight materials, in which an excess of the carbonyl compound is necessary to produce the 

35 secondary amine terminated material at high selectivity. 

European patent application publication number EP 0352568. published after the priority date of the 
present application, describes a process for the preparation of secondary polyether amines in which 1 to 30 
mol. of a carbonyl compound of the general formula: 

40 

0 

B 

R1-C-R2 



In which Ri Is hydrogen, straight-chain, branched or cyclic alkyI of 1 to 6 carbon atoms, R2 is branched 
alkyI of 3 to 10 carbon atoms, 2-furyl or 2-tetrahydrofuryl, Ri and R2 together are cyclic alkyI or 5 to 8 
carbon atoms, unsubstituted or mono-, di or tri-substituted by alkyI of 1 to 3 carbon atoms, are reacted with 
1 molar equivalent of a polyoxy-alkylenedi- or triamlnes of the general formula: 
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r' is hydrogen or methyl. 
X is 1-100 and 
f is 2 or 3, 

at a temperature in the range from 55 to 160*0 until the HzO formation is completed, and in which the 

25 reaction product is hydrogenated under pressure in the presence of noble metal catalysts. 

In EP 0352568 the examples describe a two-step process in which the carbonyl compound and the 
polyoxyalkylene di or triamines are reacted together at atmospheric pressure with removal of water and the 
Intermediate product is hydrogenated at pressure. EP 0352568 does not contemplate the reaction between 
the carbonyl compound and the hydrogenation taking place together In the same reaction vessel. 

30 Our European patent application publication number 0284398A describes a process for the production 
of amines by reacting at elevated temperature a first reactant which is either an alcohol, an aldehyde or a 
ketone with a second reactant which is either ammonia, a primary or secondary amine or a nitrile in the 
presence as catalyst of a composition comprising (i) nickel, (ti) ruthenium, and (1") at least one other 
transition metal selected from either the second or third row transition metals. 

OS The examples given in EP 0284398 only relate to reactions of alcohols with ammonia and propylamine. 

European patent publication number EP 0322089A describes a polyurethane coating composition which 
may be heat cured under relatively mild conditions and which comprises a blocked isocyanate and a curing 
agent comprising an N.N'-dialkyl substituted polyoxyalkylene amine. The N.N'-dialkyI substituted polyoxyal- 
kylene amine is made by the reaction of a polyoxyalkylene amine, acetone and/or methyl ethyl ketone and 

40 hydrogen in the presence of a hydrogenation catalyst. Useful hydrogenation catalysts are said to include 
the nickel, copper, chromium catalyst as described in US patent 3.654,370 to Yeakey. Raney nickel and 
Raney nickel promoted with molybdenum are also said to be useful hydrogenation catalysts. 

In the examples given in EP 0322089 the reaction products contain significant quantities of primary 
amine contents. 

45 It has been surprisingly found that residual primary amine contents can be reduced by the use of a 
reductive aminatlon catalyst composition comprising (i) nickel. (II) ruthenium and (iii) at least one other 
transition metal selected from either the second or third row transition metals. 

Accordingly, the present invention provides a process for the production of a secondary amine 
terminated polyether from a primary amine temiinated polyether which process comprises reacting the 

so primary amine terminated polyether at elevated temperature with a carbonyl compound in the presence of 
hydrogen and In the presence of a catalyst composition comprising (i) nickel, (ii) ruthenium and (iii) at least 
one other transition metal selected from either the second or third row transition metals, the amount of 
carbonyl compound being in excess of the stoichiometric amount required to react completely with the 
ether. 

55 As regards the catalyst composition, any transition metal other than ruthenium may be used as 
component (iW), In the context of this specification the term 'transition metal* Is defined as a metal having a 
partially filled 4d or 5d shell in at least one of its oxidation states. Suitable transition metals include 
palladium, rhenium and iridium, either individually or in combination. 



3 



EP 0 414 425 A2 



Preferably, the catalyst composition is supported on a suitable support. Suitable supports include 
aluminas, silicas, silica-aluminas and carbons. A preferred support is gamma-alumina. Zeolites may also be 
used as supports. 

As regards the relative proportions of components (i), (il) and (il) in the catalyst composition, the major 
s component will generally be component (i). i.e. nickel, and components (il). i.e. ruthenium, and (iW) i.e. 
transition metal(s) will be minor components. Thus, nickel may suitably form from 50 to 95% by weight of 
the catalyst composition and together ruthenium and transition metal may form the remainder of the 
composition. Typically the supported catalyst composition may contain about 10% nickel and 1% each of 
ruthenium and transition metal(s). the remainder of the composition being the support. However, higher 
70 nickel loadings may be used if desired. 

The catalyst composition may be prepared by any of the methods conventionally employed for the 
production of catalysts, for example by precipitation or by impregnation. The supported composition is 
suitably prepared by an Impregnation technique, which may be by co-impregnation or by sequential 
impregnation, preferably the latter. Impregnation techniques are well known in the art and include both the 
75 incipient wetness technique and the excess solution technique. 

For further details of this catalyst reference is made to our European patent application publication 
number 0284398A (BP Case No. 6586) which Is hereby incorporated by reference. 

It is also preferred to perform the process in the presence of a solvent for the reactants. Suitable 
solvents Include liquid hydrocarbons, for example paraffins. An example of a suitable solvent Is hexane. 
20 The starting material for the process is a primary amine terminated polyether. which may suitably be 
derived in known manner from a polyether poiyol. Thus, the polyether polyol may be reacted at elevated 
temperature with ammonia In the presence of a catalyst for the reaction. Processes for producing primary 
amine terminated polyethers from polyether polyols are described In our European patent application 
publication number 0284398A (BP Case No. 6586) and our European patent application publication number 
25 0356046A (BP Case No. 6993) both of which are hereby Incorporated by reference. Either of these 
processes may be employed. 

The primary amine terminated polyether may be based upon ethylene oxide or propylene oxide and 
may have a molecular weight from about 148 to about 5000. 

As the carbonyl compound there may suitably be used a compound having the fbnmula (1) 
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wherein Independently R and may be hydrogen, hydrocarbyl or substituted hydrocarbyl. Suitable 
hydrocarbyl groups include alkyi, suitably Ci to C4 alkyl. aryl and alkaryl groups. A preferred hydrocarbyl 
group is a Ci to C+ alkyl group, most preferably a straight-chain alkyl group, though the preference for any 
particular Ci to C4 alkyl group will depend on the application and formulation used. The hydrocarbyl group 
may also be substituted by a variety of functional groups, including amino and hydroxyl groups. A suitable 
carbonyl compound is acetone. The amount of carbonyl compound added must be In excess of the 
stoichiometric amount required to react completely with the polyether to form the conresponding imine 
according to the reaction: 

Rl 

Polyether^ + 0 - C^^^^^ Polyethe&^ + H2O 

NH2 R K - 

R 



Hydrogenation of the imine provides the secondary amine terminated polyether. 

Hydrogen of commercial purity may be used, with or without further purification. The hydrogen partial 
pressure may suitably be in the range from 1 to 150 bar, preferably from 1 to about 52 bar (750 psi). The 
total pressure may suitably be the autogenous pressure generated in a closed reaction vessel. 

The elevated temperature employed in the reaction of the primary amine terminated polyether with the 
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carbonyl compound may suitably be in the range from 50 to 350* C. preferably from 100 to 160 C. The 
optimum reaction temperature is selected such that the incorporation of hydroxyl functionality into the 
product is compatible with the particular application, higher temperatures leading to greater hydroxyl 
functionality in the product. 

5 The process may be operated batchwise or continuously. Generally. It will be necessary to separate the 
catalyst from the liquid product of the reaction. This may suitably be accomplished by filtration or 
centrlfugation or by the use of a fixed bed catalyst. 

In another aspect the present invention provides a process for the production of a poiyurea by reacting 
an amine with an Isocyanate characterised in that the amine is a secondary amine terminated polyether 
10 produced by the process as hereinbefore described. 

In another aspect the present invention provides a process for the production of an isocyanate 
terminated prepolymer by reacting an amine with a molar excess of isocyanate functional groups and the 
production of a poiyurea therefrom by reaction with water characterised In that the amine Is a secondary 
amine terminated polyether produced by the process as hereinbefore described. 
75 In a further aspect the present invention provides a process for the production of an epoxy coating by 
reacting an amine with an epoxide characterised In that the amine is a secondary amine terminated 
polyether produced by the process as hereinbefore described. 

The invention will now be further illustrated by reference to tiie following Examples. 
In the Examples there is used a Ni/Re/Ru/Alumina catalyst. This was prepared in the manner described 
20 in our European patent application publication number 0284398 (BP Case No. 6586) under the heading 
•CATALYST PREPARATION *. The catalyst composition contained 10% Ni, 1% Re and 1% Ru by weight 
based on the weight of the composition. 



25 Example 1 

Jeffamine EDR-148 (an ethylene oxide based polyether primary amine of formula (II); ex Texaco; 5g) 
was mixed with hexane (5ml) as solvent and Ni/Re/Ru/Alumlna catalyst (0.5g), The mixture was placed in a 
70ml magnetically stirred stainless steel reactor, to which was tiien added acetone 7.2 ml. (1.5 
30 stoichiometric equivalents). 

The reactor was connected to a gas manifold and was pressurised to 750 psi with hydrogen. The 
reactor was sealed, then heated to 150* C for 2.5 hours and ttien cooled and depressurised. The recovered 
product was filtered and volatile material was removed by evaporation under reduced pressure. 

The product was identified by and ^^c n.m.r. spectroscopy as being tiie secondary amine terminated 
35 polyether of formula (III). A yield of at least 84% of the theoretical amount was recovered and no NMR 
spectroscopic evidence could be seen for ttie presence of residual primary amine groups flmplying less 
tiian 5% primary amine present). 



40 




This Example demonstrates tiie high yield and productivity achieved using an ethylene oxide based 
polyether primary amine. 



Example 2 

®^ Jeffamine T-5000 (a high molecular weight propylene oxide based polyether primary amine ex Texaco; 
lOg) was mixed with hexane (5ml) solvent and Ni/Re/Ru/Alumina catalyst (0.1 g). The mixture was placed in 
a 70ml magnetically stirred stainless steel reactor, to which was added 7g (20 stoichiometric equivalents) of 
acetone. 

The reactor was connected to a gas manifold and was pressurised to 750 psi witti hydrogen. The 
^ reactor was sealed, then heated to 175* C for 13 hours and tiien cooled and depressurised. The recovered 
product was filtered and volatile material was removed by evaporation under reduced pressure. 

The product was identified by and '^C n.m.r. spectroscopy as being fully converted to the secondary 
amined tenminated polyether of formula (IV). 
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This Example demonstrates the high yield and productivity achieved using a high molecular weight 
propylene oxide based polyether primary amine. 



Preparation of Primary Amine Terminated Polyether 

This is not an example according to the present Invention because it does not involve the reaction of a 
carbonyi compound and a primary amine terminated polyether. It is included to demonstrate the high 
selectivity and productivity achievable in the preparation of a primary amine terminated polyether from a 
polyether polyol. 

Polyether polyol (designated CP-1 ex BP Chemicals: 10g) of formula (V) was mixed with the 
Ni/Re/Ru/AIumina catalyst (2g). The mixture was placed in a 70ml magnetically stirred stainless steel 
reactor. This was cooled to -78* 0 and to it was then added liquid ammonia (10ml). 

The reactor was connected to a gas manifold and was pressurised to 500 psi with hydrogen. The 
reactor was heated to 220*0 for 12 hours and then was cooled and depressurised. The recovered product 
was filtered and volatile material was removed by evaporation under reduced pressure. 

The product was identified by ^^0 n.m.r. spectroscopy as being wholly primary amine terminated 
polyether. 

H2C 0 tCH2CH(CH3)4,c OH 

HC 0 ECH2CH(CH3)4y OH 

H2C 0 tCH2CH(CH3)}2 OH 

(V) 



Comparison Test 1 

This is not an example according to the present Invention because tt does not involve the reaction of a 
primary amine terminated polyether with a carbonyi compound. It is included for the purpose of demonstrat- 
ing that poor selectivity is achieved in a model reaction in which ethanolamine was used as the amine 
rather than a polyether polyamine. 

Ethanolamine (5g) was mixed witii hexane (5ml) solvent and tiie Ni/Re/Ru/Alumina catalyst (0.5g). The 
mixture was placed in a 70ml magnetically stirred stainless steel reactor and to it was then added acetone 
(2 equivalents). 

The reactor was connected to a gas manifold and was pressurised to 1000 psi with hydrogen. The 
reactor was heated to 120* C for 12 hours and was then cooled and depressurised. The recovered product 
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was filtered and volatile material was removed by evaporation under reduced pressure. 

The resulting product liquid was then analysed by gas liquid chromatography. The conversion of 
ethanolamine observed was 91 .5% with only 58% selectivity to the major product. A further five compo- 
nents had a combined selectivity of 26% whilst over thirty minor components accounted for the remainder 

5 of the product. [Retails of the QLC method were as follows:- 
Column : 50m capillary (5% methyl phenyl silicone) 
Injector temperature : 1 80 ' C 
Detector : flame ionisation detector at 250* C 
Initial condition : 40* C for 6 minutes 

10 Temperature ramp : 10* C/min to 250* C 
Rnal condition : 250* C for 30 minutes. 



Comparison Test 2 

15 

This is not an example according to the Invention Isecause It does not involve the reaction of a primary 
amine terminated polyether with a carbonyl compound. It is included for the purpose of demonstrating that 
the conventional high pressure route to the secondary amine terminated polyether by reductive aminatlon of 
a polyether polyol with an allcyl amine is unselective by comparison with the process of the invention. 

20 4 Kg of polyether polyol CP-1 and 400 g of raney nickel were charged into a 7 dm^ stainless steel 
autoclave. 200 ml of propylamine was then added and the autoclave was connected to a gas manifold. 240 
psig of hydrogen was then pumped Into the autoclave which was heated to 220 *C for 16 hours. The 
product recovered showed by ^^CNMR analysis a conversion of about 20% with 50% selectivity to the 
propylaminated end group and 50% selectivity to the undesired NH2 end group. Dipropylamine and 

25 tripropylamine were observed to be reaction products. 



Reaction of Secondary Amine Terminated Polyethers with an Isocyanate 

30 This example shows that secondary amine terminated polyethers react more slowly than primary amine 
tenminated polyethers with 4,4'-phenyimethane diisocyanate (MDI). 

Three amine terminated polyethers (ATP's) were used In this experiment; Jeffamlne D2000 (a high 
molecular weight primary amine terminated polyether available from Texaco); an isopropyl capped secon- 
dary ATP prepared according to the present invention from Jeffamine D2000 and a 2-(4-methyl pentyl 

35 capped secondary ATP prepared from Jeffamine D2000 by a two step process. 

The ATPs (0.8% w/w in dichloromethane. 2ml) were reacted separately with MDI (0.1% w/w in 
dichloromethane. 2ml) in a stop flow apparatus at room temperature and the reactions were monitored by a 
FT-IR spectrometer. A spectrum was recorded every 4.5 seconds and the extent of reaction was followed 
by the decline In the f (NCO) absorption at 2260cm-"*. The reactions followed standard second order 

40 kinetics from which a rate constant could be derived. The relative rate constants of reaction were 1:2:42 for 
tiie 2-(4-methyl)pentyl cap. isopropyl cap and Jeffamine D2000 showing tiiat there is a significant decrease 
in reactivity with diisocyanates for secondary versus primary ATPs. 

45 Claims' 

1. A process for tiie production of a secondary amine terminated polyetiier from a primary amine 
terminated polyether which process comprises reacting the primary amine terminated polyether at elevated 
temperature with a carbonyl compound in the presence of hydrogen and in the presence of a catalyst 

60 composition comprising (1) nickel, (ii) ruthenium and (III) at least one other transition metal selected from 
either the second or tiiird row transition metals, the amount of carbonyl compound being in excess of the 
stoichiometric amount required to react completely with ti^e ether. 

2. A process as claimed in claim 1 in which the catalyst composition comprises nickel, rhenium and 
ruthenium. 

55 3. A process as claimed in any one of the preceding claims In which the carbonyl compound has the 
general formula (I): 
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R - C - r1 



(I) 



5 wherein R and are independently hydrogen, hydrocarbyl or substituted hydrocarbyl groups. 

4. A process as claimed in claim 3 in which the hydrocarbyl groups comprise Ci to C4 alkyi, aryl or alkaryl 
groups. 

5. A process as claimed in ciaim 4 in which the Ci to C* alkyI groups comprise straight chain alkyI groups. 

6. A process as claimed in claim 3 in which the carbonyl compound comprises acetone. 

10 7. A process as claimed in any one of the preceding claims in which the primary amine tenminated 
poly ether has a molecular weight about 5000. 

8. A process as claimed in ciaim 1 or claim 2 in which the primary amine terminated polyether is produced 
by reacting a corresponding alcohol with ammonia at elevated temperature in the presence of a catalyst 
composition comprising (i) nickel, (ii) ruthenium and (iii) either palladium, rhenium or iridium on a gamma- 

75 alumina support. 

9. A process for the production of a polyurea by reacting an amine with an tsocyanate in which the amine is 
a secondary amine terminated polyether produced by the process as claimed in claim 1. 

10. A process for the production of an Isocyanate terminated prepolymer by reacting an amine with a molar 
excess of isocyanate functional groups and the production of a polyurea therefrom by reaction with water in 

20 which the amine Is a secondary amine terminated polyether produced by the process as claimed In ciaim 1. 

11. A process for the production of an epoxy coating by reacting an amine with an epoxide in which the 
amine is a secondary amine tenminated polyether produced by the process as claimed In claim 1. 
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@ Process for the production of secondary amine terminated polyethers and their use. 



® Secondary amine terminated polyethers are pro- 
duced by the reaction of primary amine terminated 
polyethers with a carbonyl compound in the pres- 
ence of hydrogen and a catalyst composition com- 
prising (i) nicl^el (ii) ruthenium and (iii) at least one 
other second or third row transition metal. 

High yields of secondary amine products are 
obtained suitable for poiyurethane manufacture. 
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